-A190 804 HIGH TEMPERATURE SOLID LUSRICATION l? CATALYT] ¥
o MTED CARBONCU) REISSELRE OL C IC xlsgmfkov e
T OF MECHANICAL ENGIN. J
UNCLASSIFIED m—z:szs 10-EG DARLO3-86-K-08 ﬁ 11/.




E— . , : R . I n . : -
e ' AP N L0 0 LA L T R N S 0 S EA A AR AR RS NN ARSI DG -

P Bt T b a8 3. 7p $Y
-
o

-

)

1-25

= =i

|

|

-




[ ya'e,

W W R % . . - W _ E - .’-'- " aSm FJJ}. ¥ av

UNCLASS;.FIED MASTER COPY - FOR REPRODUCTION PURPOSE

= e IRICATIAN i8N PAG

REPORT DOCUMENTATION PAGE . ;

DT vy i
1b. RESTRICTIVE MARKINGS L. LILL LUUT )
AD-A190 804
3. DISTRIBUTION/ AVAILABILITY OF REPORT
75, DECLASSIFICATION / DOWNGRADING SCHEDULE. Approved for public release,
distribution unlimited. N ,’(v
4. PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPGRT Numaeg(y ?, 9%6
Gt
ARy 23525 /0-E6 ﬁ%»A%Q ’
6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL | 7a. NAME OF MONITORING ORGANIZATION R -
Rensselaer Polytechmic (If applicable) 0'-56 .
Institute U. S. Army Research Office
6¢. ADORESS (Cty, State, and ZiP Code) 7b. ADDRESS (Gity, State, and 2IP Code)
» Dept. of Mechanical Engineering P. 0. Box 12211

Rensselaer Polytechnic Institute

110 8th Street, Troy, NY 12180-3590 Research Triangle Park, NC 27709-2211

8a. NAME OF FUNOING / SPONSORING 8b. OFFICE SYMBOL | 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER :
ORGANIZATION (f applicable) 5
U. S. Army Research Office DAL O R-§6-Kk-007b o
8¢c. ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS :
PROGRAM PROJECT TASK WORK UNIT :

P. 0. Box 12211 ELEMENT NO. | NO. NO. ACCESSION NO. &

Research Triangle Park, NC 27709-2211 :’!

11. TITLE (Include Securtty Classification)
"High Temperature Solid Lubrication by Catalytically Generated Carbon"

12. PERSONAL AUTHOR(S) :

13a. ﬁYepgrQ*anEPORT 13b. TIME COVERED 14. DATE OF REPQRT (Year, Month, Day)  ['5. PAGE COUNT :

FROM TO
e e — —

16. SUPPLEMENTARY NOTATION :

The view, opinions and/or findings contained in this report are those

of the auchgr(s) and’ sh?uld r_xgt be  counst gg g§th3ff1cial Degartment of the Army position, 7

Reactive Gases, Pin-on-Disc Friction Tests, Carbon Film

sinn £2eG Qoumpntatl
17 COSATI CODES 18. SUBJECT TERMS (Cortinue on reverse if necessary and identify by block number) .
FIELD GROUP sus-GrRour —pribochemistry, High Temperature Solid Lubrication, Chemically -

B A A T S R A I S G O P

J Lubrication, Catalytic formation of Lubricantig
\".‘B ABSTRACT (Continue on reverse if necessary and identify by biock number)

The wear process in bearings generates a clean active surface. Carbon is known to form
readilv on catalytic surfaces through the reduction of carbon oxides or hydrocarbon.
Carbon, through the adsorption of hvdrocarbons, water vapor, or oxygen, becomes an
+ffective lubricant. 1If these three phenomena can be made to work together, a new
.vonceot of high temperature lubrication would be available. =~ L
™~
This paper presen 5 laboratory investigations towards the development of- this concept.
Carbori has been successfully produced through catalytic reduction of ethylene on a variety
of matallic and ceramic surfaces containing nickel. This carbon has been shown to reduce
friction at a sliding interface at elevated temperatures. ( {}7‘*’3. }/

20 DISTRIBUTION/ AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
O unCLASSIFEDAUNLIMITED [T SAME AS RPT T oric users Unclassified
22a. NAME OF RESPONSIBLE 'NDIVIOUAL 22b. TELEPHONE (Inciude Area Code) | 22¢. OFFICE SYMBOL

OO0 FORM 1473, 34 MaRr 83 APR ecition May be used untl exnausteqd. SECURITY CLASSIFICATION OF ~HIS PAGE
All other editions are obsolete. , - ————
UNCLASSIFIZE

P

e

= %

NI SRS

a5

Co

LA o )

24

IR

&y

-

L " g o il g
-‘..

',r T

« € ¢
.

S

e
.4

L L

v

»
s

AR IS e T ks




PREPRINT NO. 87-TC-2D-1
i, STLE: PREPRINTG

PR Uy

High Temperature Solid Lubrication by Catalytically

Generated Carbon® R

JAMES L. LAUER and BRUCE G. BUNTING ' Ry
Rensselaer Polyvtechnic Insutute L
New York 12180-3590 i

Troy,

The wear process in bearings generates a clean actwe surface.
Curbon 1s known to form veadily on catalytic surfaces through the
reduction of carbon vxides or hydrocarbons. Carbon, through the
adsorpuon of hydrocarbons, water uupor,v or oxygen, becomes an
effective lubncant. If these three phenomena can be made to work
together, a new concept of hugh temperature {ubneation would be
availeble.

Thus paper presents luboratory investigations towards the devel-
opment of this concept. Carbon has been successfully produced through
catalytic reduction of ethylene on a variety of metallic and ceramuc
surfuces comtamumg nickel. This carbon has been shown v reduce

[rictian at a shiding wterface al clevaled temperatures.

INTRODUCTION

Severul possibilities exist for high temperature lubrica-
non. They are each histed here with o major drawback which
needs to be overcome.

Svntheuc tluids:  300°C maxunum use temperature

Solid tubricants:  replenishmem

Molten glasses: Solid at room wemperature

Only solid lubricants show any promise of aperaung trom
ambient to above 300°C.

Sohd lubricants would have 1o be replenished morder to
provide long lite and retiable operanon at tueh empera-
tures. Vanous types of replenishiment systems have been

suggested. and they indude such methods as:

1. Suck or Powder Feed

2. Gaseous or Ligud Suspension feed

3. Incorporauon in pockets or retiners

4. Gaseous matertals which react at the surtace.

An example ot this last method, which is the subjeat of

Presentad as a Soclety of Tribologists and Lubrication Engineers
paper at the STLE/ASME Tribology Conference

in San Antanio, Texas, Octaber 5-8, 1987

Final manuscript approved August 21, 1987
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this paper, would be to chemically form the lubncine Jag -
rectly on the bearing surtuces from a gascous leed nae
This concept is nat entirely new. Demomst ations have bee
made using various sulfur or chlorine compounds and oxnide
hims (1), (2) and a
phase conversion of hydrocarbons 1o carbon ot rolhing cle-

U.S. patent has been msued tor the was

ment bearings at 300°C (3). None of these merhads hase
been used in commercial applications.

This paper deals specincally with the tormanon and -
bricating properties of carbon whisch s formed by b
dehydrogenation or cracking of hydrocirbons on poren-
ually tribological surtaces. In a previous paper 41 se showad
that the carbon, formed by caralytic dissocition ot cthndene
on surfaces containing nickel, would greads reduce the b
uon coefhicient. This nickel could be m che torm ot the puce
metal, as an alloy constituent, as a metadhc transter il ono
a ceramic surface, or as a binder in smiered ceramies Ao
result of the deposition of carbon a S00°C the cacthccnt
ot tncuon () a pim-on=dine Inchon tester measared e
der ambient condians drapped o vadues as lon o
hich temperature, controled cnyvinonment, pr-onsdise to-
Lon teste chen comuructed whncd alloswed 1

W Nt

aton tnicuon and wear at hugh temperatires s
neowslhy with the genevation of the carbon bl T s
Cthe

dppaatus, on sitrbaces cantating Kol IRt Ol Tt

ot ethylene caused arapid drop o down o vadines as ow
as Q.08 a0 300°C, When the cthvlene wasveplacert by cinnm
lhl'

be repeated by remuroduction ot the ethyviene

postowly returned to s ongmad value DN Cot

Vot s
tace analvsis revealed that the surace convanmed graping.
carbon, meked and oxyvgen

bnothis paper, we have ased the igh miperann e e
Paratus o test a vanety ol materils and niarerad conae
Uhese matenals inchuded metais aifons

Habions. OV s

and cemented carbides

BACKGROUND

Now,

—

Q0

The tormanon ol carbon on catavie sinbaces s 0wl w

known and documented plicnomenon. s st o
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Yo problem and sometimes desired and has been studied in 3. Graphitic structure, at 350° 1o 525°C
,-'\, relation 1o such diverse helds as: 4. Encapsulating structure {thick graphue lavery at 600
>y . to 1000°C
ho> 1. Deactivation of catalysts in hydrocarbon processing
2. Precipitation ot carbon on heat exchanger surfaces off At high temperatures, Gubon solubidilts increases and
0N gas cooled nuclear reactors surface carbon begms to dissolve o thie budbh naderal A
e 3. Manulacture of lamp black an example, this oceurs at about 630°C Tor mckel and 13007°C
-P.\_ 4. Coating of waste nuclear fuel pellets for silicon carbide. Depending on the 1elunve rawes ot tor-
'.;-.. 5. Coating of electron tube elements to increase emissiv- mation and solution, carbon may or may not be present on
g iy. the surface during this process. On cooling, this cinbon can
’ 6. Generation of carbon fibers for high strength com- precipitate out of the balk and torm a unilorm, glissy yra-
9O posites. phitic layer (encapsulating carbon) ot low surtace acuviny

. . .. Carbon can also be formed by gas phise preapicauon
Much work has been done in defining the conditions and gas p ! !

- . . very high temperatures and subsequently seutle on adgacent
types of surfaces necessary for the deposition or removal ’

h . surfaces. This type of carbon can be tound even i miernal
of carbon and on the type of carbon formed. The largest vp

combustion engines (/1)) but usually s reterved o as Lanp
black.

Ol the various types ol carbon, graphe s widely used

and most carefully documented body of work n these areus
i» that of hyvdrocarbon processing catalysis. The majoriy ol

4 the basic research has been done using nickel, iron, or mo- .
.. . . as a boundary lubricant and encapsulating carbon, applicd
R lybdenum surfaces and simple carbon containing gases such b tering. i d { |
. - . . - y sputtering, is used as a protecuve surface coatmyg e
7 as CO, C:H,, and CH,. Exampies of this type of work dare P 5 . P . °
', . . 3 lubricant on metallic computer discs. Other types ol carbon,
) given in the Refs. (5). (6). .
~ . . . such as carbidic carbons, are known o be abtasive
” High temperature applications of metals and ceramics

require formulations which demonstrate high strength and

MATERIALS

chiemical inertness (or selt-protection) in the environment

intended for their use. Surfaces are desired which possess
mummum porosity and chemical activity. In oxidizing at-
mospheres, such as existin gas turbines, materials are gen-
crallv protected by the additon of aluminum, silicon, chro-

Ihe purpose ol these tests wus 1o explove the behavion
of various material combimaunons in refation to then abilins
to form lubricaung carbon. The tests consttuwed o vanets

ol combmauons of metal and ceranne pins and dises and

mem, and other trace elemens. These nmuerials form oxides metallic films apphed 10 the dises. 1 he apphicd metatlic hims

which are thermodynamucally stable and which are also rel- are designated as “rubbed filins™ since they were produced

.
:_;: ativels wert and nonporous. Most commercial ceramics are by manually rubbrig a prece ol the meta) agamst 1 cerani
. protected by aluminum or siicon oxides and most metals dise unal a visible himy was formed Rubbed Bims dirtes
'.:- are pmu:ucd by aluminum or chronuun oxides. Even though from transfer filns in that they are produced hetote aies
"y these oxdes are refativelv imert or protecuve, varatuons ol s bewun whide transter Blins are produced dotiog o tewt
them are widely used in commercal catalysts and catalvst from anetalhe pins Table T lists the nunernis windde were
> supports Addiional metals can ulso be incorporated mto eviduated i these tests. The vanons combunanons ol these
A these materials by a vanety ot processes. 1o may be possible matertls actialhy vsed are listed oy the secuon o exporn-
.':. to mncrease the catabvuc activity of the surtaces wowards e- wental results,
"t.' duction ot hvdiocarbons and carbon oxides without at- The thiree gas mastures us bowere chosen e such awas
- tecinye theyr high temperature durainhitn: This s vealls the as to make one merttoward mickel and oL caachon torng
Kev of thiy lubricauny process, e develop catahvuc activiy, by contannny cthviene, one ol which also contuned hivano-
- whide mamtag surtace protecing Livers, gen. Al the aospheres used contamed onts sight aanousis
'”.::: The contunung regeneration ot carbon tor lubndanon s (= 107 ammospherest ol oxygen beciuse osvgen redices
\:_- ted o tncional removal of acleast paic o the carhar s the catadvie cltedhineness ot kel The aimosnbiores s
:J" thick Livers of carbon stop the Catabvoe reactions Tins pro- are Inted o Table 20 The cthiviene-hisdiogen misone was
'.:: cess iy ndecd funciommyg an any tubbing contact In agh Chosent because Svdrogen s atten added o hivdrocar boe
by femperatute combustion enyines there s the tarther com- Catalvsis to enhance the teaction race o tomantan catady s
...’: pication ot an oxidizing atmosphere and contamimants winch cttectiveness  The apparatus was nov nebiely seafea and g
. st he addressed concentratons were mantaimned by the How paies ol the
\:'. Cathon can tonm on surbaces moseseral tonmns «ﬁl'pvn:inn; LAIOUS COMUIIEtts - Mgon was used as an et gas puge
::f, onthe temperature, matertals, and binetcs ot the sstem ton the outer shol and also dittused intao the mner chambes
\";' I Catalysis, these ditferent tvpes of carbon have been well he zas nustares achiesed were inaivzed by vesidual gos
-~ documented and have heen divided imto groups by ditferem anabvser artached o an aloabighe sacaumn sesiem
= tescarchers 7, (8 (9 These results can be generaiized
r:;. into the tollowiine Cassitsication ton the tormanon ol carhon EXPERIMEN
::\: on mckel from ethvlene X ! TAL METHODOLOGY
.
:.\: I Chemsorhed ethvlene swich mareasig debvdngeny Curtests were et nfiapr e itesstdine ek
’-\.. Bt 1 1o S tor sevetal reasons
, 2 Carhadhic structure, g S0 o 250 Foloea simgte elemam
Y
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High Temperature Solid Lubrication by Catalytically Generated Carbon

TasLe | —MaTeRIALS TESTED
Cooe MATERIAL % NICKEL CoMPOSENON NOTES
A Nickel Metal 99.997 Ultrupure
B 304 Stainless Steel 10 Commercial Alloy
Metal
C {nconel 600 Metal 77 Commercuat Alloy
D Inconel 718 Mectal 52 Commeraal Alloy
E Silicon Nitnide _ Mulucrystalline, with 3% Yurium
Ceranuc Oxide
F Aluminum Oxide — Muttioysaalline, 99.5% Puie
Ceramic
G Atuminuim Oxide - Syntheuc Sapplure
H Tiamum Carbude 23 250 Nickel + 7.5% Molhvbdenum
Cemented Carbide Binder
| Tungsten Carbide 6 6% Neckel Binder
Cemented Carbide
] Boron Nunde —_ Hexagonal, Y8.57% Puie
K ! Boron Nitnde — Hexagonal, 957 Pure |
-
[. Boron Nurnue —_ With Twamum Diborwde
Composite
-
| M i Boron Nitnde —_ Wih 387 Alununum Osaude “
:l Camposite |
- J

2 s catalvne behavior s very well documented

3 Iuas a very etfectve catalvst

4 1t inexpensive and easv to tabricate.

Nickel by wsett s not sutable as i hugh temperature bear-
g maternal because of s low strength at elevated tem-
peratures. However, mickel forms the base for many igh
temperature allovs and is widelv used as a binderin sintered
cutting tool materials. Starung with pure nickel created o
base hine for tests with these matertals as well,

Our tests were run with a pin and disc friction tester, (%"
diameter pin, sphercally upped, 60 gram load, 4 RPM speed,
=2 mnwsec shding speed.) g controlled aunosphere at
temperatur=s up to H30°C. In this tester we could simul-
taneousty generite carbon on asurlace and evaluate changes
s tricton brought abaut by the carbon. Frgure 1 shows

schemane diagram ot this apparatus and g 2 shows o

f ) |
Fasie 2—0Gas Mintures UseDd
(AN : NORINAL |
NuUsuen ! DEstGNATION o CoMpeostiton |
| | ert I 3% Hetam .
L5 Avion

4
2 Frlvdene Coninnng 000 Bihindence :
50T Argon I

. . . r

3 Frhviene + Hyvdrogen Contammg | 257

257 Hvdrogen

507 Argon

Fdhivlene ’

Sy

T PUL U
i fl.rq;r.r.;u-;.f s J' f~f‘.f"1\ﬂ_\- .r,.,_as\.r\__,\.r,..r\.r\.r__ N

tvpical test run with it Data output s the loim ol stnp
charts, calibrated o read directls i

In Fyg 20 we see thar the test can be shvaded o sever)
secuons. Tt was begun i an mert atmosphere (gas 1y
room temperature with a p ol about O 150 FHeatmg 1o 5007,
brought w 1o about 035 When an crthviene-contamimyg at-
mosphere tgas 2) was mtroduced, wodropped almost -
mediately o about 0 1) When dis atmosphere was re-
placed with the inert aimosphere rgas ,opomcreased back
up t 0.5% over a 30 nunute penod. A the end ol the test,
pas 2 was agan itroduced and agan caused an rnmediate

drop i o about 010

EXPERIMENTAL RESULTS

Alb the tests reported are sinnlar o Fig 2 and were run
at 300°C texcept tor the temperature sllect senes) e the
atmospheres Isted o Table 20 Al buat ane ol the tests were
beyun at room temperature mogas L and men heared tothe
desired operating temperature,

The etfeas produced were quite large andd 0o casy 1o
disungusshe a successtul materid combmation feom an an-
successtubone. Figure 3 shows hive oy pread tests tangg o
attong clfect 1o no cltlea AL Tncnon records aie pues
sented with the il imroducnons ol cihvlene-contomng
atmosphere gras 2) abigned since tus s where the greanes
cllect s observed. I some tests this was then tolloswed Iy
gas 3 to seeab a burther drop m Incnon condd be obtamed
and all tests ended with gas L What Tollows here are de-

scrptions of vantous senes ol tests which demonsuaie ase
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Flg. 1—High temperature pin on disc friction testing apparatus

~EATING 10N
1 BOCW fCws | 41 00°C FOMALMANOER OF TEST
b Y e 20
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o Ll
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Fig. 2—Typic ' high temperature pin on disc test
Material Key
pin:A: Nicket
disc:E: Siticon Nickel

Gas Key

1 Hellum + Argon
2 Ethylene + Argon

pects of the lubrication process. These test deseriptions ave
then tollowed by an overall discussion.

Rubbed Metallic Films on Silicon Nitride

Figure 4 shows two tests in which rubbed metallic hlms
were applied 1o silicon nitride (matenat E) before the tesss
were run. Bo. . tests were run with a sapphire pin (material
G). The hirst flim was pure micked (material A) and the see-
ond was Inconel 600 (material C). Both films produced a
w of 0.5 10 0.55 in the inert atmosphere and both dropped
at about the same rate when the cthylene-contanung at-
mosphere (gas 2) was introduced. The value of p tor the
first film dropped to 0.08 and stayed low for the remainder
of the test while u for the second film dropped 1o about

012 and bewan o mercase almost ammediately on reme-

troduction ol the et ammosphere as T

Nickel-Containing Materials

Figure 5 shows tests which were run on vanons mickel-
contaning dises with sapphire pis (marerial G Two of the
dises are metallic and two are nickel-bonded comented e
Dides. The metals, beang solter, showed Ingher won the men
atmosphere (gas D). On muroduction of the ethylene.
contunmnyg atunosphere (gas 23, plor hath the mickel tna-

tevial ) and the utiium cobidesnckelimoh bdenum ce-

mented canbide (material H) begun to dvop steadhilv The
Inconel 718 (material D) and tungsten carbidesket (o

mented carbide tmateral Iy showed onlyv stabl ettecs anud

Al

Lt

ToCsy

V2

PARA

s ¥
ooy

R e e s

'f,?’ »

T )

M g W

P R

L e

i
PR |

»

AT

Sy




-
=
b I
2 -
- u‘
ot Qu
e @, -
EEEEE
gaxown
-
k3
-
.t
ou ¥
Qg:u e, .
5z52 3
xaxa
w
z
= —
< =
o o w o
T aw <
@
(S
3z3a i
zaxao *
o
-
<
z
=2
-
L] [ -
S .86 2
o, -
[S 3
$z32
gaco ¥
, 8 R — i
E : ! y '
< ' HINTCT RO 11
Y I
s | M l |
- . . )
Z At g et
-~ a. " ! . '
3 S . i
@, 2 ,p—-——"L- - - e
z.,.aY 2
3252 :
xiaxa = g
i° S 10 15 20 25 0
L_COEFFICIENT TIME MINUTES
OF FAICTION
Fig. 3—Range of effects produced
Materials Key Gas Key
A Nickel E Silicon Nitride 1 Helium + Argon
8 304 Stainless “teel F  Aluminum Oxide 2 Ethylene + Argon
C Inconei 600 G Sapphire 3 Ethylene + Hydrogen + Argon
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Fig. 4—Comparison of rubbed hims an silicon nitride with sapphire pins

Materisls Xey

A Nichei
C inconei 600

'-.. ". "’ ".-f ‘O"-’”-'.\-'-. \-‘.'-'\."A' "

E Suicon Nitride
G Sapphire

Gas Key

Hellum + Argon
Ethylene + Argon

1 Ethylene « Nydrogen « Argon
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Flg. 5—Dlscs of nickel containing materiais run with sapphire pins
Materials Key

Nickel

Inconel 718

Sapphire

Titanium Carbide + Nickel + Molybdenum
Tungsten Carbide + Nickef

TIODO»

Zius 3 oredindene = hvdroge o) was introduced.

Sapphire and Nickel Pins on Sapphire

Furure 6 shows the results for s test series. When
sapphire pin anaterial Gy was run against o sapphive disc
nmaterial G, no effect was noted. When a nickel piimae-
terial A was subsututed, again no sigmihceant effect was
noted These sapphire dises were opucally pohished and
perhaps aockel or carbon tramsfer hhm condd not estabhish
stselt Tothe thrd test, 1the sapphnre dise was scratched with
adinmond Bie 1200 gr to roughen its suriace. In this case
astong etfea was observed, g dropped rapiedhy o the
cthylenc-contammyg atmosphere (gas 2y and the sample
showed comparauvely good wear life i the inert atmo-

sphere reas 1)

20

40 35 H

¥

TIME. MINUTES

Gas Key

1 Helium + Argon
2 Ethylene + Argon
3 Ethylene + Hydrogen + Argon

Metallic Pins on Ceramic Materials

Frgure 7 compares tests ol pons ob nickel coaterd A
3044 standess steed fmatenal BY on dises of alicon mitnide
(material B). The value o tor the mekel i test drapped
faster and o a lower value (0 10 es 0 13 aoed o shiehinly
better wear chavactersues o the SN 300 i tinacenad B
This was true n spite ol the tace that thie SN W pun es

,

was run o with the ethslene + hyvdrogen mentome roas 5

winch gencraily eohanced dic fubrcating process

Boron Nitride Tests

Some tests were run on boron nende and boron ode
compositons tmateriaby |0 K Loand My AR ol these mae

terals were tanachineabie”™ and o quite solt Ay sach, the

L d AR 4L A0 S di e Ay iy
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High Temperature Solid Lubrication by Catalvtically Generated Carbon

sapphire pins (material G) produced some grooving of the

~1

J and K) and not on the boron nitride mixtures (muterials

discs. The test results are shown in Fig. 8. The process
appears to work on the two pure boron nitrides (inaterials

and M). These boron nitrides were of o hexagonal crystal
structure.

AUBBED FILMm: MK

RUN: 7
DISC: G

PiN:

A

RUN: Ja

PIN

RUBBED FILM: wtit
DISC: G

1eOHE

]

AUBBED FILM:

RUN:
PIN A

- — «Aoasl—---j- SGAS 2- - s 3- + cAs 1- —

Fig. 6——Sapphire and nickel pins on sapphire

Materials
Keys

A Nickel
G Sapphire

loay

1
I
RUBBED FILM

HUN
PIN
Y

HUN. 1)
RUBBED 1L 1
DISC

PiN

Fig. 7—Metallic pins on silicon
Materlals Key

A Nickel

B 104 Stainless Steel
€ Siicon Nitride
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Gas Key
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Flg. 8a—8oron nitride tests
Matersials Key Gas Key

G Sapphire
4 Boron Nitride
K Boron Nitnide

L Boron Nitride + Titanium Oiboride
M Boron Nitride + Aluminum Oxide

-

N

Hellum & Argon
Ethylene + Argon
Ethylene + Hydrogen + Argon

L ".)‘l*‘!

Eftect ot Temperature

Figure 9 shows tests run w evaluate the cifect of tem-
perature on the process. These tests were run on silicon
mitride dises tmatersad Ey with rubbed mickel fidmes tmaterial
Ayand sapphie pins imateral G, Temperatures from 300
0 650°C were run as shown on the strp charts. A summuany
ol the datans given grapihically m g, 10,

DISCUSSION

The data were evaiuated by several parameters which
were read directly trom the strip charts. A measure of the
rate and the extent of the citalyie reschon wis wnned by
how rapudly and how low Bodrops when the ethviene-
contavnng atmosphere (as 2) was introduced and by how
smooth the trace became under the inlluence of the carbon,
Some materiais such as the Inconels and stinless steels gen-

erate protective oxide Blins which hinder the catabvin pro-

.
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coss. The addidonal drop in pachiesed when the etin lene
+ Ivdrogen atmosphere (gas 3 wis it odue ed ave an
mdication of the presence of these s, AL 50070, 1 Y
oxucte s thermady nanmcally stable down (o o et
pressure ol 1077 atmospheres. diromium osude s ~eable
down w 107 atmospheres Ou, and aummuam oside s
stable down o 10" atmospheres Qs (77 The ¢ Jenee
contamng atmosphere (gas ) contaned o ten benwern
107 and 107* atmospheres The ethvlene and hydioger
contamnmg atmosphere tras 3) conained 25 pereent hydr.
gen which, through conversion 1o HO veliaces thie ¢l te -
fve oxvgen parual pressure to about 107 Gunosphicres
This means thar nickel oxide can e g edin e s -
mosphere.

Proper wear imeasimements were noi made Howeser
some estinate of the wear ble or duribibiny ol yhese bl
wias ganed by evaluanng the une clapsed abier renuie-
duction of the inern atmosphere (s 1) belore w bewan 1o
Herease.
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Fig. 9—Etfect of temperature
Materials Key Gas Kuy
A Nickel 1 Hellum + Argon
€ Sillcon Nitride 2 Ethylens + Argon
G Sapphire 3 Ethylene + Hydrogen + Argon
Pure mekel imaterial Ay appears o be the most etfecnve contamnng armosphere toas 2 winde two o S0 g 2
catabyst Tor the dissocnon of the cthvlene-contanuny - stiovwed no ctiects THe Sirong ¢Hecis were anscive o o s

mosphiere (as 2

). This s mdhicated by the ragnduy of diogs
m g on muoducnon ob tis atmosphere as shown e runy

3408

Muaterials which contamed mckel but in lower concentra-

19 and T from Figs. b 50 60 and 7 respeduvedy

nons or i conjuncuon with other oxide-toraung materals
swall showed g dropon w bat notas rapid and 10 not as fow
A value Somenmes the edhndene and hvdrogen-contamimg

armosphere rgas 3) assisted i doving o down farther b

stmiples of the behuvior are given iy vans 6, 24931 30 el

L) shown e B 450 and 7 respeanvely,

T'wo of the boron mitnide tests truns 21 and 240 show o

strong effect on powaith mooduction ot the cthviene-
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2Eand 20 0n spie of the Soct that o sisible Carnon was
formed on the sample surtace. These tans e v o
g 30 The boron minnde i dhese matenials s o g hesaonai
erwstal structure, which has been shown 1o hebave o s
itk manner 1w graphue moshding contacts 50 1 ren o

ancabsorbed materal to neutnadize the edges o 1

ol

planes sothat e can shp casibv e Apparenthy the merns -

mosphere igas Trdid socabsot b whnie the cobviene-contnmng

atmosphicres rrases 2

and B chid andd resadicd nn bower trrc-
ton For the two boron nsde st es pethuaps the crosd
sttucture was disturbed by the other constinent so that the

hoton mitnde could no fonger act s fuhinca

~ AN CR TN

-

!
-,

g

Ngg



10 Jo Lo taver ann B G Busrisa
1000 .
1 i
8080 T
l .
t .
l / \/
. S0C0 — ;
& 1 !
< i
hd .000‘1 K
2 ! /
3
! T w00 -
3 i Z
- 2006 \“\ \\’/.~
i .
Iwﬂ-—-‘ .
i — T ———
2000 — - ;
200 38 s 3 R 4] NG w0 %12 L oS A Tt
MELT ERIVET SN S
Fig. 10~—Summary of temperature test
Material Key Gas Key
t pin G: Sapphire 1 Helium + Argon
rubbed film :A:Nickel 2 Ethyiene + Argon
: disc:E:Silicon Nitride 3 Ethylene + Hydrogen + Argon
‘( TaslLe 3—OVERALL SUMMARY OF ENPERIMENTAL Data
7 T T - - —
[ ; ; - ! CorbnicieNt oF Fricrios ‘i
| ! ! T ] :
i ! } RoOM Hicie Lt [ o {
! | ! | Tesre Tesee. | Teae | Tear : Tive box p
| ‘ ' RUBBED ! i~ ’ . I i~ ‘ N ! 1o
" Test Series | Py I Fros Disc | RN 1 I'evpe °C Cas i PoGas i Gas?  Gas gy ! ASEEN
] :
‘ X T ! |
Rubied G ¢ Dot o 30U B T o
i ' 1
U TN G \ CoE om0 s oo booos D aas 240
T : ~+ T T
Bulk Nickel G p o — A 500 - ] U5 ' 0% e it
I H |
Aatt's LG — 29 * 500 O R T N RN Gat s
PR — [ o 500 IS BV TH R A S T o | a
S A N 500 oy |oear | ooae oo 1o
. o ! . i - B i i
Need tor G . — ! O i 17 { SO0 ; uin l 024 021 . — | -
Franster A ‘ — . G J [ | S ! a7 : [T [ () 'y T | —
Fims A — G 500 s I ETR Ponto — : IR
' Metail Co B (T VT S TR o
Pins oA — A T 300 T S N N N - o
Boron PG — ! o 300 BT BT U R — 0
Nitrdes G - P 500 O I T E ) "
G — A (R S0 TR TR P — In
S e A TR T S I O TS — o
Liect ol LG A } o 00 Fouto b g 0oy aos By
Femp oo A t Lo A0 e T O T BT nn :
‘ G A b R 10 LT B YT R R TR B SR TR o T
' oo A [ i by 150 Ut Do “ oo it
‘ Gy A D S S T 300 oy b ey b oans o oo i
‘ |
G A t SR How U S N Ut N BTN T T s
. { i j .
¢ A ; N nau [ \ [N Uy I Rt
Raik [P — LG ‘ [P SO0 3 IRR] (IR ; 0 [T It
TN G - r a0 2O TR o6 "o o
i i
Materio Ry s hiny
v Nkl o Toamum Carbulde + Nickel + Solvbdenuam foHehain <« Ao
B M Seanttess el 1 Vonaesten Corbade » Nachel 2 bdulene + Agan
€ Theond Hind | Baron Nonde oLundene + Elvdingon o Npgon
1 dnconel 7% K Boron Ninade
E Sion Naonade | Horon Napde s Taanum Dibonde
t Mt Oyl MO Boron Natnnde < Alumimuim Oxade

o Napplare

", I\-F\-"‘-f_'-f\-ﬁ .r;'f NN R N N

-
A

A AR LSRN

b I TR A W - IS S .-
S O N TN SO "

AR

A

a_ -
d" R
. P

L fq_/

b Y

.
e 0

Y

i

(]

Ll
N




is required to produce p less than 0.10 with the ethylene-
containing atmosphere (gas 2) and that at 650°C, the process
may be loosing some of its effectiveness as indicated by the
slower rate of the decrease of p on introduction of this
atmosphere. In addition, the 300°C test appears to have a
beuer wear life for the carbon film compured to the 600
and 650°C tests.

Table 3 presents an overall summary of the daw in tabular
form as read from the strip charts and Fig. 11 shows low
magnification SEM and optical microscope photographs of
representative samples. The appearance of the carbon on
the surtaces and in the wear tracks is clearly visible on some
of the samples.
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Run 19—Nickel pin on scratched sapphire
Optical—50X
Wear track is upper left to iower right. Carbon has tormed
on wear track.

Run 37—Rubbed nickel film on silicon mtride before exposure to
ethylene
SEM—100X
No wear track, shows appearance of nickel on Silicon ni-
tride surtace.

Fig. 11—Typical appearance of wear tracks
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High Temperature Solid Lubrication by Cawalytically Generated Carbon 11
For nickel, it appears that a temperature of at lea.t 450°C CONCLUSIONS

In conclusion we can say lubricating catbon films
can he produced by the caulytic dissociation of cthyvlene-
containing atmospheres on nickel containing surfuces. The
nickel can be presentas a pure element, an alloy component,
ametallic rubbed film, a metallic transter Gihn, oras .. binder
in ceramic composites. Parallel 1 the production of this
carbon, we found a drop in w to values below 0,10 mcasured
at elevated temperatures. The process was successtul at low
oxygen parual pressures which, however, were sull ther-
modynamically capable of producing oxides on the wetals
involved and oxygen was found to be a constituent of the
hlms by Auger surface analysis.

Run 24—Sapphire on boron nitride
SEM—100X
Wear track s vertical in center of picture. No carbon formed.
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Run 10—304 Stainiess s.eel on sillcon nitride
Optical—100X
Wear track is lower left to upper right. Carbon has formed
on wear track,
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Run 31—Sapphire on inconel 718

SEM—100X
Wear track IS vertical in center of picture. Carbon has formed
on wear track.
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